ABSTRACT: A regional experiment was conducted at 8 experiment stations, with a total of 320 sows initially, to evaluate the efficacy of adding 13.35% ground wheat straw to a corn-soybean meal gestation diet for 3 successive gestation-lactation (reproductive) cycles compared with sows fed a control diet without straw. A total of 708 litters were farrowed over 3 reproductive cycles. The basal gestation diet intake averaged 1.95 kg daily for both treatments, plus 0.30 kg of straw daily for sows fed the diet containing ground wheat straw (total intake of 2.25 kg/d). During lactation, all sows on both gestation treatments were fed ad libitum the standard lactation diet used at each station. Response criteria were sow farrowing and rebreeding percentages, culling factors and culling rate, weaning-to-estrus interval, sow BW and backfat measurements at several time points, and litter size and total litter weight at birth and weaning. Averaged over 3 reproductive cycles, sows fed the diet containing wheat straw farrowed and weaned 0.51 more pigs per litter (P ≤ 0.04), and had total litter birth and weaning weights that were 0.87 and 3.59 kg heavier (P = 0.01), respectively, than sows fed the control gestation diet. Sows fed the gestation diet containing wheat straw consumed more (P = 0.01) lactation diet per day than control sows. There were no gestation diet treatment differences for any sow fate criterion (farrowing and rebreeding percentages, and culling rate), any sow BW and backfat measurement, or the weaning-to-estrus interval. Lactation diet intake and all sow BW and backfat measurements increased with increasing parity. In conclusion, when the daily intake of the basal gestation diet was equalized for both treatments, the addition of 13.35% ground wheat straw to the gestation diet improved sow and litter performance, with increases in litter size and total litter weight at birth and weaning compared with control sows and litters. 
INTRODUCTION
The use of alfalfa meal as a source of fiber in sow gestation diets has resulted in inconsistent and inconclusive results based on sow and litter performance when daily energy intake per sow was not equalized among treatments (Danielson and Noonan, 1975; Calvert et al., 1985) . In other experiments in which the daily energy intake per sow was equalized among the gestation treatments, a greater percentage of the sows fed a diet
The addition of ground wheat straw as a fiber source in the gestation diet of sows and the effect on sow and litter performance for three successive parities 1 containing 50% alfalfa hay completed 3 reproductive cycles with a greater pig survival rate than control sows (Pollmann et al., 1980) . However, the performance of sows fed a diet containing 46% of an alfalfa-orchardgrass hay mix was equal to that of control sows (Holzgraefe et al., 1986) . Additions of sugar beet pulp to the gestation diet that ranged from 25 to 50% did not improve sow performance compared with control sows when daily energy intake was equalized among treatments (Vestergaard and Danielsen, 1998; McGlone and Fullwood, 2001; van der Peet-Schwering et al., 2003) . Moreover, the addition of 20 or 40% soybean hulls to a gestation diet did not improve sow performance when energy intake was equalized among treatments (Holt et al., 2006; Darroch et al., 2008) , whereas increasing the concentrations of oat hulls (0 to 50%) in a gestation diet linearly increased total litter birth weight compared with sows fed the control diet (Mroz et al., 1986) . The addition of approximately 6.8% ground wheat straw as a source of fiber to a gestation diet that was fed for 5 successive parities increased overall litter size and total litter weight at weaning compared with sows fed the control diet when basal diet intake was equalized among treatments (Everts, 1991) . Therefore, the objective of this experiment was to evaluate the efficacy of adding 13.35% ground wheat straw as a fiber source to a sow gestation diet for 3 successive parities compared with sows fed a control diet when the daily basal diet intake was equal for both treatments. Response criteria were sow and litter performance measurements.
MATERIALS AND METHODS
All procedures and the use of animals in this experiment were approved by the Animal Care and Use Committee of each participating university, and were similar to the guidelines published later (FASS, 1999) . The protocol for this experiment was approved by the North Central Region-42 Swine Nutrition Committee (NCR-42 Swine Nutrition Committee). The 8 Committee members that conducted this experiment (20 to 60 sows/station) from 1990 to 1992 represented the University of Illinois, Kansas State University, the University of Kentucky, Michigan State University, the University of Minnesota, the University of Missouri, North Dakota State University, and the University of Wisconsin.
Animals and Diets
Initially at breeding, gilts and sows of mixed parity at each station were separated into 2 groups by age (parity) and BW, and these groups were randomly allotted to the control diet or the diet containing ground wheat straw. Sows that had completed 5 or more parities were not used in this experiment. Sows were continued on their assigned dietary breeding and gestation treatment through 3 successive gestation-lactation cycles (reproductive cycles) unless they were culled at the completion of reproductive cycles 1 or 2 because of reproductive or structural problems, or poor litter performance. The gestation dietary treatments were a basal corn-soybean meal control diet and the control diet containing 13.35% wheat straw ground in a hammer mill to pass through a screen with 1.25-cm openings, resulting in a particle size of approximately 6 to 8 mm (Table 1) . Values from NRC (1984, 1988) were used to calculate the chemical composition of the gestation diets. Each experiment station procured its feed ingredients independently, and it was anticipated that this would provide representative ingredients with average nutrient values similar to those of NRC (1984, 1988) . The gestation diets were fed once daily in the morning. The daily basal gestation diet intake per sow for 3 successive reproductive cycles averaged 1.95 kg for both treatment groups, with the sows fed the diet containing ground wheat straw consuming an additional 0.30 kg of ground wheat straw daily, for a total average daily gestation diet intake of 2.25 kg for that treatment group (Table 2) . In making the gestation diet containing wheat straw, the nutrient contribution from straw was considered to be zero. Therefore, the daily nutrient intake was considered to be equal for the sows fed either gestation diet. Minimum daily feeding amounts of the control and wheat straw diets were 1.8 and 2.1 kg, respectively, with individual stations having the option of increasing the dietary intake to 125% of each minimum to compensate for management and environmental conditions. During lactation, the sows from both gestation treatments were fed ad libitum the same fortified cornsoybean meal lactation diet used at individual stations. Both the gestation diets and the station lactation diets met or exceeded the nutrient requirements of sows for gestation and lactation at the time this experiment was conducted, as well as the requirements published later (NRC, 1988 (NRC, , 1998 .
Gestation and Farrowing Facilities and Management
The breeding, gestation, and farrowing facilities at 7 of the stations were fully enclosed buildings with rooms that were ventilated and heated to maintain a minimum comfort zone temperature for the sows. Pregnant sows were housed individually in gestation stalls (2.1 × 0.6 m) that had 1.1 to 1.5 m of solid concrete in front and 0.6 to 1.0 m of slotted concrete (12.7-cm slat with a 2.5-cm slot) in the back. On d 107 to 110 of pregnancy, the sows were moved to farrowing rooms with stalls (2.1 × 0.6 m) in pens that provided space on both sides of the stall (2.1 × 0.5 or 0.6 m) for the pigs after birth. Heat lamps, radiant heaters, or heating pads provided heat for the pigs, and 6 stations provided zone cooling directed to the heads of the sows (snout cooling) in hot summer weather. Flooring in the farrowing stall and pen area was woven wire (bare or plastic coated) or slotted concrete (12.7-cm slat with 1.3-cm slot, except for a 3.8-cm slot behind the sow). Each gestation and farrowing stall had a drinker and a feeder.
At one station, the sows were housed outside in fenced lots with open-front shelters for breeding and gestation. Each outside lot had a waterer and a feeding trough. On d 108 to 110 of gestation, the sows were moved to an enclosed facility with farrowing stalls and pens. Wood shavings were used for bedding on the solid concrete floor, and heat lamps were used for the pigs.
Estrus stimulation and detection, and the breeding procedures used were customized and specific for the breeding and management program at each station. At weaning, all sows were rebred at the first estrus. The sows at 5 of the stations with fully enclosed facilities were inseminated by using standard AI procedures. Natural breeding was used at 3 stations: 2 stations with fully enclosed facilities, and the station that housed pregnant sows in outside lots. Within 3 d of birth, the pigs at all stations were ear notched, tail docked, and injected with iron dextran (100 or 150 mg of iron/pig), the needle teeth were clipped, and the male pigs were castrated.
Measurements
Sows were weighed individually at breeding, at d 109 of gestation, within 24 h of farrowing, and at weaning. Backfat thicknesses at the last rib and last lumbar regions were measured at breeding, at d 109 of gestation, and at weaning with ultrasound equipment at each station (Mersmann, 1982; Smith et al., 1992) . At farrowing, the numbers and BW of the live and dead pigs born per litter were recorded. Daily feed intakes were recorded for each sow during lactation. At weaning, the number of live pigs per litter, total litter weight, length of lactation, and weaning-to-estrus interval were recorded for each sow and litter. The sow fate criteria measured were the number of sows that were rebred and farrowed at the next reproductive cycle, the number of sows that did not return to estrus, and the number of sows that were culled for farrowing or structural problems or for poor lactation performance. The control diet without wheat straw was fed at 1.95 ± 0.08 kg/d. The diet containing wheat straw was fed at 2.25 ± 0.08 kg/d, providing approximately 0.30 kg of ground wheat straw per sow daily during gestation. After farrowing, sows on both gestation treatments were fed the same fortified corn-soybean meal lactation diet without wheat straw. 3 Calculated chemical concentrations (as-fed basis) using values for feed ingredients from the NRC (1984, 1988) . . At the beginning of the experiment, 2 stations used all gilts and 6 stations used sows of mixed parity. Most station effects were significant (P < 0.001). There were station × treatment interactions (P ≤ 0.05)
for litter size and total litter weight at birth and at weaning and for lactation diet intake, because 6 or 7 stations had a range of positive responses to the wheat straw gestation treatment, whereas 1 or 2 stations had no response to the wheat straw treatment. The station and station × treatment responses were deemed to be within the normal range for these criteria, and are not reported because it was not the intent of the North Central Region-42 Swine Nutrition Committee to compare individual stations.
2 EMS = error mean square.
3
Sow lactation diet intake increased (P < 0.001) with increasing reproductive cycle. Lactation diet intake was greater (P = 0.01) for sows fed the diet containing wheat straw than for control sows for each reproductive cycle and overall (avg of 3 reproductive cycles).
4
Sow BW increased (P < 0.001) with increasing reproductive cycle at breeding, d 109 of gestation, farrowing, and weaning, with no diet treatment differences at each reproductive cycle or overall.
5
Last rib (P = 0.10) and last lumbar (P < 0.001) backfat thicknesses increased at breeding with increasing reproductive cycle, with no diet treatment differences for each reproductive cycle or overall.
6
Weaning-to-estrus interval decreased (P = 0.10) with increasing reproductive cycle, with no diet treatment differences for each reproductive cycle or overall.
7
Sows fed the diet containing wheat straw farrowed more live pigs overall than did control sows (P = 0.04).
8
Sows fed the diet containing wheat straw farrowed heavier litters (P = 0.01) overall than did control sows. Litter weight at birth increased (P = 0.03) with increasing reproductive cycle.
9
Sows fed the diet containing wheat straw weaned more pigs per litter for reproductive cycle 2 and overall than did control sows (P = 0.01).
10
A reproductive cycle × treatment interaction (P = 0.02) for litter weaning weight because of the low litter weaning wt for control sows in reproductive cycle 2. Sows fed the diet containing wheat straw weaned heavier (P = 0.01) litters than did control sows at reproductive cycle 2 and overall.
Pooled SD =
EMS
Wheat straw as fiber in a sow gestation diet
Statistical Analysis
Data from 8 experiment stations were pooled and analyzed by ANOVA as a completely random design (Snedecor and Cochran, 1989) , using a 3 (reproductive cycles) × 2 (breeding and gestation dietary treatments) factorial arrangement of treatments and the GLM procedure (SAS Inst. Inc., Cary, NC). Sows (and their litters) were the experimental units. Significance for treatment, reproductive cycle, and reproductive cycle × treatment was accepted at P ≤ 0.10.
RESULTS
Most station effects were significant (P < 0.001), with 2 stations using gilts initially and 6 stations mainly using sows of mixed parity at the beginning of the experiment. There were station × treatment interactions (P ≤ 0.05) for litter size and total litter weight at birth and at weaning, and for lactation diet intake, because 6 or 7 stations had a range of positive responses to the wheat straw gestation treatment, whereas 1 or 2 stations had no response to the wheat straw treatment. The station and station × treatment responses were deemed to be within the normal range for these response criteria, and were not reported because it was not the intent of the NCR-42 Swine Nutrition Committee to compare individual stations. There were no reproductive cycle × treatment response criteria interactions. Therefore, gestation treatment means are reported for each of the 3 reproductive cycles and for the overall (average of the 3 reproductive cycles) treatment response criteria (Table 2) .
Litter Performance
Sows fed the gestation diet containing wheat straw farrowed a greater number (P = 0.04) of live pigs per litter overall (average of 3 reproductive cycles) and had a heavier (P = 0.01) total litter weight overall at farrowing than did sows fed the control diet ( Table 2 ).
The total litter weight of live pigs born also increased (P = 0.03) with increasing reproductive cycle. Sows fed the diet containing wheat straw also weaned more (P = 0.01) pigs per litter at reproductive cycle 2 and overall, and had a heavier (P = 0.01) litter weaning weight at reproductive cycle 2 and overall than did control sows. A treatment × reproductive cycle interaction (P = 0.02) occurred for litter weaning weight because of the decreased litter weight for control sows in reproductive cycle 2.
Sow Performance
The total numbers of observations (farrowings) for all 3 reproductive cycles combined were 355 for sows fed the control diet and 353 for sows fed the diet containing wheat straw (Table 2 ). There were no gestation diet treatment differences for sow parity at the beginning of the experiment, lactation length, sow BW (breeding, d 109 of gestation, farrowing, or weaning), sow backfat thickness (breeding, d 109 of gestation, or weaning), or weaning-to-estrus interval evaluated at each reproductive cycle or overall (average of 3 reproductive cycles). Lactation diet intake per day increased (P < 0.001) with increasing reproductive cycle, and was greater (P ≤ 0.02) for sows fed the diet containing wheat straw than for sows fed the control diet for each reproductive cycle and overall. Sow BW increased (all measurements, P < 0.001) with increasing reproductive cycle. Sow backfat thickness at breeding also increased (last rib, P = 0.10; and last lumbar, P < 0.001) with increasing reproductive cycle. The weaning-to-estrus interval decreased (P = 0.10) with increasing reproductive cycle.
Based on a χ 2 analysis (Table 3) , there were no gestation treatment differences for sows fed the control diet compared with sows fed the diet containing wheat straw for any of the sow fate criteria tested (number of sows that farrowed; and the percentages of sows that did or did not farrow, did not return to estrus, or were culled for structural or farrowing problems or poor lactation performance). For reproductive cycle 3, a total Sow fate was calculated by dividing the number of sows for each item by the number of sows that farrowed for that parity, multiplied by 100. For reproductive cycle 3, the number of sows that farrowed was the only item measured. Based on the χ 2 analysis of the treatment criteria within reproductive cycle, none of the treatment comparisons was statistically significant for reproductive cycle 1, 2, or 3. For reproductive cycle 3, 82 control sows and 86 sows that were fed the diet containing wheat straw farrowed, which represented 50.6 and 54.4%, respectively, of the sows on those treatments that began the experiment in reproductive cycle 1.
of 82 control sows and 86 sows fed the diet containing wheat straw farrowed, representing 50.6 and 54.4%, respectively, of the sows that began the experiment in reproductive cycle 1.
DISCUSSION
The results of this regional experiment show that adding 13.35% ground wheat straw to the sow breeding and gestation diet, and feeding more of that diet to provide a daily nutrient intake equal to that fed to the control group, significantly increased (average of 3 successive reproductive cycles) litter size at farrowing and weaning, and total litter weights at farrowing and weaning. The greater daily intake of the lactation diet by sows fed the gestation diet containing ground wheat straw in the current experiment contributed to the heavier litters weaned by those sows compared with sows fed the control diet. Sow BW and backfat thickness at weaning were not different for the 2 gestation diet treatment groups that were fed the same lactation diet, suggesting that the greater lactation diet intake by sows fed the gestation diet containing wheat straw was utilized metabolically to support a greater milk production for that treatment group.
Feeding a high-fiber diet during gestation has been shown to prepare sows for greater diet intake during lactation (Matte et al., 1994; Farmer et al., 1996) . In other experiments in which the basal diet intake per day was equalized among gestation treatments, the addition of approximately 6.8% ground wheat straw (0.2 kg of straw/sow daily) to a gestation diet increased the overall average litter size and litter weight at weaning compared with sows fed the control diet (Everts, 1991) . In that experiment, sows fed the gestation diet containing wheat straw also consumed slightly more of the standard lactation diet daily than did the control sows (Everts, 1991) . The addition of oat hulls to the gestation diet at concentrations ranging from 0 to 50% resulted in linear increases in total litter birth weight with increasing concentration of oat hulls (Mroz et al., 1986) , with the diet containing 50% oat hulls approaching the maximum amount of diet those sows would consume. In addition, the supplementation of a cereal-based gestation diet with hydrolyzed rye straw meal reduced the amount of concentrate feed required per kilogram of pig produced at birth compared with control sows (Münchow et al., 1982) .
Conversely, the addition of 20 or 40% soybean hulls to a gestation diet did not improve sow or litter performance when the daily ME intake was equal to that of sows fed a control diet (Holt et al., 2006; Darroch et al., 2008) . However, DE and ME values per kilogram of soybean hulls for swine are almost twice the values of oat hulls (NRC, 1982) , which may be a reason why soybean hulls are not effective as a source of fiber in the sow gestation diet compared with other fibrous feeds that have lower DE and ME values. Dourmad (1993) showed that increasing the amount of concentrate diet fed daily during gestation from 1.8 to 2.7 kg/sow had a negative linear effect on subsequent diet intake during lactation, which was associated with shorter and smaller meals consumed daily during lactation. In addition, when the daily energy intake during gestation was less for sows fed a diet containing sugar beet pulp than for sows fed a control diet, the subsequent lactation diet intake was greater for the sows fed the gestation diet containing sugar beet pulp than for control sows (Vestergaard and Danielsen, 1998) .
The addition of ground or chopped straw to the gestation diet results in greater gut fill, with more satiated and less excitable sows that spend more time lying down after consuming the daily meal compared with sows fed a conventional diet (Fraser, 1975; Lee and Close, 1987) . Other experiments have shown that feeding high-fiber diets to sows during gestation reduces stereotypic behaviors, prolongs satiety, improves sow welfare (Brouns et al., 1994; Ramonet et al., 1999 Ramonet et al., , 2000a , and stabilizes blood concentrations of glucose and insulin (de Leeuw et al., 2004) . Providing loose straw in the gestation stall daily (1.0 to 1.5 kg/sow) as a foraging substrate was also effective in reducing stereotypic behaviors (e.g., sham chewing) and increasing the time spent lying down compared with the time spent standing or sitting (Fraser, 1975; Spoolder et al., 1995) .
The reduction in physical activity associated with feeding a high-fiber diet during gestation may increase the efficiency of energy utilization and allow more energy to be used for in utero piglet production (Lee and Close, 1987) . The energy cost of physical activity in pregnant sows is much greater than that for ruminant species, and is a major factor in the differences among sows in terms of energy balance (Noblet et al., 1997) . However, Ramonet et al. (2000b) have suggested that the decreased digestibility and greater heat production of the high-fiber gestation diet, and the longer time required to consume the high-fiber diet offset the decreased heat loss associated with less physical activity, with no overall advantage in energy efficiency by feeding a high-fiber gestation diet compared with a standard control diet.
Wheat and barley straw have very low energy values for sows, with negative digestibility coefficients for CP, compared with other fibrous feed ingredients such as sugar beet pulp and wheat bran (Fernández et al., 1986; Shi and Noblet, 1993b) . However, the energy values for straw increase slightly for sows housed in a cold environment compared with sows housed at thermoneutrality (Lee and Close, 1987; Noblet et al., 1989) . Sows have a greater ability to digest and utilize fibrous feeds than do growing swine, with sows having a greater hindgut contribution to total DE than growing swine (Shi and Noblet, 1993a; Varel and Yen, 1997; Le Goff and Noblet, 2001) . Feeding a gestation diet containing 46% of an alfalfa-orchardgrass hay mix decreased most nutrient digestibility coefficients, although more grams of DM, NDF, and ADF were digested by sows fed the high-fiber diet than by sows fed the control diet (Holzgraefe et al., 1985) . Sows fed gestation diets containing 96% alfalfa meal or 97% alfalfa hay also had digestion coefficients for DM, energy, and some fiber components that were much less than those of sows fed control diets (Pollmann et al., 1979; Pond et al., 1985) .
Experiments that evaluated dehydrated alfalfa meal or sun-cured alfalfa hay as sources of fiber in sow gestation diets have shown variable and inconsistent effects on sow and litter performance. Gestation diets that contained from 25 to 97% alfalfa meal in 5 experiments, and in which the daily energy intake per sow was not equalized among treatments, had decreased DM, energy, and fiber component digestibility coefficients, with no beneficial effects on sow or litter performance response criteria compared with sows fed control diets (Danielson and Noonan, 1975; Calvert et al., 1985) . Alfalfa hay was equally well digested by pregnant sows when fed as a meal or as pellets, although grinding alfalfa hay to a smaller particle size increased the digestibility coefficients for DM, energy, and the fiber components (Nuzback et al., 1984) . In experiments in which daily energy intake per sow was equalized among treatments, a greater percentage of sows fed a gestation diet containing 50% alfalfa hay completed 3 reproductive cycles with an 8% greater pig survival rate compared with sows fed a control gestation diet (Pollmann et al., 1980) , and a gestation diet containing 46% of an alfalfaorchardgrass hay mix was equal to a corn-soybean meal control diet, as evaluated by sow and litter performance for 2 successive reproductive cycles (Holzgraefe et al., 1986) .
Adding sugar beet pulp to the gestation diet at concentrations ranging from 25% in a single-parity experiment with gilts (McGlone and Fullwood, 2001) , to 38.3% (van der Peet-Schwering et al., 2003) or 50% (Vestergaard and Danielsen, 1998) in experiments with 3 successive reproductive cycles did not improve sow and litter performance. The daily energy intake was equalized among gestation treatments in these experiments, and all the sows in these experiments were fed standard lactation diets. Sugar beet pulp has greater energy values for sows than most fibrous feed ingredients because the nonstarch polysaccharides in sugar beet pulp are utilized in the large intestine for energy by sows as efficiently as the energy from digested starch (Rijnen et al., 2001) . Sugar beet pulp also has physical and organoleptic properties that naturally limit consumption by sows to approximately 2 kg/d when added to gestation diets at increased concentrations, and these factors may allow sugar beet pulp to be effective in restricting feed intake in an ad libitum feeding regimen for pregnant sows compared with other fiber sources (Brouns et al., 1995 (Brouns et al., , 1997 . However, a concentration of 45% sugar beet pulp in a gestation diet fed ad libitum was not adequate to restrict daily feed intake equal to that of restricted-fed control sows over 3 reproductive cycles (van der Peet-Schwering et al., 2004) .
Sows fed the control or the wheat straw gestation diet in the current experiment consumed approximately 6.7 Mcal of DE and 6.4 Mcal of ME daily in both treatments, which exceeds the NRC (1998) energy requirements for gestation and falls within the range recommended by Noblet et al. (1990) . However, Dourmad et al. (1996) concluded that high-producing multiparous sows needed approximately 8.5 Mcal of DE daily during gestation to ensure adequate restoration of body reserves. Sows fed high-fiber gestation diets consume less water daily (Robert et al., 1993 (Robert et al., , 2000 Farmer et al., 1996) , have a shorter transit time for digestive tract contents, and excrete more fecal DM daily than sows fed control diets (Mroz et al., 1986; Lee and Close, 1987; Robert et al., 2000) . Restricted-fed sows also have longer sustained drinking behavior after their daily meal and have greater satiety compared with sows fed more of the diet daily (Lawrence and Terlouw, 1993 ).
In the current experiment, when the sows on both gestation treatments were fed the same standard lactation diet ad libitum at each station, we estimate that the sows fed the control diet or the diet containing wheat straw consumed approximately 18.5 or 19.8 Mcal of ME/d, respectively (average of 5.62 or 5.99 kg/d, respectively, times 3.30 Mcal of ME/kg of diet). Therefore, the daily intake of ME during lactation for both treatment groups in the current experiment exceeded the NRC (1998) requirement and was within the range recommended by Noblet et al. (1990) . In the current experiment, the daily lactation intake of ME by sows previously fed the gestation diet containing wheat straw was approximately 7% greater than that of sows fed the control diet. Sows fed gestation diets containing mainly oats and oat hulls or 49% oat hulls also consumed approximately 4 to 5% more of a standard lactation diet daily than sows previously fed the control gestation diets (Matte et al., 1994; Farmer, et al., 1996) . The bulkiness of the high-fiber diets required greater daily intakes of those diets during gestation to equalize nutrient intake compared with sows fed the control diets, and that appears to have facilitated the adaptation of those sows to a greater feed (and nutrient) intake during lactation, which enhanced sow and litter performance (Matte et al., 1994; Farmer et al., 1996) . Greater feed intake during lactation is also associated with a longer sow productive lifetime (Serenius et al., 2006) .
The interval from weaning-to-estrus was not affected by gestation diet in the current experiment, which is in agreement with other experiments evaluating gestation diets with or without the addition of a high-fiber feed ingredient (Pollmann et al., 1980; Everts, 1991; Matte et al., 1994) or sugar beet pulp (van der Peet-Schwering et al., 2003 ). In the current experiment, 45.6 and 49.4%, respectively, of the sows fed the gestation diet containing wheat straw or the control diet were culled Veum et al. during the 14.6-mo period required to complete the 3 successive reproductive cycles. These culling rates are similar to the 47.6% average sow culling rate (adjusted to a 14.6-mo period, without sow deaths) reported by 94% of the commercial swine operations in the United States in 2006 (USDA, 2007 .
In conclusion, a regional experiment, with a total of 320 sows initially, was conducted at 8 participating experiment stations to evaluate the addition of 13.35% ground wheat straw to the gestation diet over 3 successive reproductive cycles, with a total of 708 litters farrowed. All sows were fed ad libitum the standard lactation diet (no straw) used at individual stations. Sows fed the gestation diet containing wheat straw consumed more of the lactation diet daily (7 Mcal of ME/ sow) than did control sows. The addition of ground wheat straw to the gestation diet improved sow and litter performance, with overall (average of 3 reproductive cycles) increases in litter size at birth and weaning of 0.51 pig/litter, and total litter weight increases of 0.87 kg at birth and 3.59 kg at weaning compared with control sows and litters.
